Domestic dogs (Canis lupus familiaris) are remarkably sensitive and responsive while 13 interacting with humans. Pet dogs are known to have social skills and abilities to display 14 situation-specific responses, but there is lack of information regarding free-ranging dogs 15 which constitute majority of the world's dog population. Free-ranging dogs found in most of 16 the developing countries interact constantly with familiar and unfamiliar humans receiving 17 both positive and negative behavior. Thus, understanding human intentions and subsequent 18 behavioral adjustments are crucial for dogs that share habitats with humans. Here we 19 subjected free-ranging dogs to different human social communicative cues (friendly and 20 threateninglow and high), followed by a food provisioning phase and tested their 21 responsiveness. Dogs exhibited higher proximity seeking behavior as a reaction to friendly 22 gesture whereas, they were prompted to maintain distance depending on the impact of the 23 threatening cues. Interestingly, only the high-impact threatening showed to have a persistent 24 effect which also remained during the subsequent food provisioning phase. An elevated 25 approach in the food provisioning phase elicited the dependency of free-ranging dogs on 26 humans for sustenance. Our findings suggest that free-ranging dogs demonstrate behavioral 27 plasticity on interacting with humans; which provides significant insights into the 28 establishment of the dog-human relationship on streets. 29 30 Dog-human relationship.
INTRODUCTION
investigations, coupled with comparative analyses, also helped us understand the 43 functionality of behaviors and communicative intents of species. As the first domesticated 44 species, dogs have spent a considerably long period of time socially interacting with humans rewards to dogs. E1, while providing the social cue, gazed and tried to maintain eye-134 contact with the dog. E1 did not touch the focal dog deliberately in order to avoid any 135 potential bias of social contact. 136 • Low impact threatening (LIT) -E1 raised one of his hands (counterbalanced) and gazed at 137 the dogs (see Supplementary Movie S2). The cue differed from FC in having a negative 138 display of human gesture. People on the streets often raise one of their hands to scare, 139 threaten or shoo away dogs. We have adopted the same gesture in our protocol to 140 investigate the effects and associated responses. • Neutral Cue (NC) -Here, E1 stood in a neutral posture and looked straight ahead and did 148 not enact any gesture.
149
Food transfer phase (minor) -Immediately after SCP, food was provisioned. E2 came 150 quickly, handed over the food to E1 and went back to his position behind the camera. The 151 process was completed within 10 seconds and care was taken to ensure that the focal dog did 152 not see the transfer of food to E1.
153
Food provisioning phase / FPP (major) -E1 again adjusted his position to keep the distance 154 consistent and placed the food on the ground. The food was placed at a distance of 0.3 m 155 from E1, thus at a distance of 1.2 m from the dog. E1 stood in a neutral position after placing 156 the food and looked straight ahead, without making eye contact with the dog (see 157 Supplementary Movie S4). FPP lasted 30 seconds or until the dog obtained the food, 158 whichever was earlier. Food was removed in case a dog did not obtain it.
159
Except for the SCP, all the other phases were constant and exactly similar across the 160 experimental conditions. 162 We coded all the important behaviors relating to the experiment, which have been listed in 163 the ethogram below (Table 1) . 
161

Data Analysis and statistics
Same position
Distance between E1 and subject was equal to 1.5 m.
Distant
Distance between E1 and subject was > 1.5 m.
First reaction
The first behaviour observed as a reaction to the social cuegazing, gazing with tail wag, scared and moving back, no reaction. Gazing at human Subject is sitting, standing, or lying and focused on (muzzle turned towards) E1's body or face. Cumulative duration of gazing / looking behavior at E1.
FPP
Approach
Subject moved towards E1, distance between food and subject was ≤ 0.3 m.
No approach
Same position
Distance between food and subject was equal to 1.2 m.
Distant
Distance between food and subject was > 1.2 m.
Latency
Time taken to obtain the food after its provision on the ground. Valid only for subjects that obtained food.
Feeding time (proximity) Time taken to eat the food in front of E1. Distance of subject and human should be ≤ 0.3 m. Distant (> 0.3 m) feeding or taking food away was not considered. Gazing at human Same as social cue phase.
168
Shapiro -Wilk tests were used to check for normality of the data. We found the data to be not (Contingency χ 2 : χ 2 = 10.439, df = 3, p = 0.015, Figure 1 ). In the NC condition, initially 4 184 individuals approached, while the number increased to 17 in FPP, the change being 185 statistically significant (Goodness of fit χ 2 : χ 2 = 8.048, df = 1, p = 0.005), thereby indicating a 186 distinct positive impact of food. However, we did not find any difference between the two 187 phases in the FC condition as dogs equally responded to both positive gestures (25) and food 188 (30), more than expected by chance alone (Goodness of fit χ 2 : χ 2 = 0.455, df = 1, p = 0.50).
189
The LIT condition had a very momentary impact as only 1 individual approached in SCP,
190
while 13 individuals approached in FPP (Goodness of fit χ 2 : χ 2 = 10.246, df = 1, p = 0.001).
191
Thus, dogs flexibly adjusted their behavior and tended to approach more when food was 192 provided. Unlike the LIT condition, we found a strong effect of HIT, where none of the 193 individuals approached initially and only 1 (Goodness of fit χ 2 : χ 2 = 1.000, df = 1, p = 0.317) 194 in the later phase, when the food reward was offered. This was suggestive of the dogs' 195 perception of human intentions based on an immediate encounter. 196 We compared the number of approaches across conditions for both SCP and FPP.
197
Significantly higher number of dogs approached in SCP in response to FC, as compared to 198 the NC, LIT and HIT conditions (see Supplementary Table S1 ). We noticed a marginal 199 difference between the NC and HIT conditions (see Supplementary Table S1 ). Additionally,
200
the number of approaches in the SCP of LIT did not differ from NC and HIT conditions (see 201 Supplementary Table S1 ).
202
Comparison of the number of approaches among FPP of the four conditions revealed 203 interesting results. Dogs approached significantly more in FC compared to LIT (Goodness of 204 fit χ 2 : χ 2 = 6.721, df = 1, p = 0.010) and HIT (Goodness of fit χ 2 : χ 2 = 27.129, df = 1, p < 205 0.0001), but not NC (Goodness of fit χ 2 : χ 2 = 3.596, df = 1, p = 0.058), again implying the 206 role of the food provisioned. In the HIT condition, the number of dogs that approached was 207 significantly lower than the LIT condition (Goodness of fit χ 2 : χ 2 = 10.286, df = 1, p = 0.001),
208
suggesting an influence of the HIT cue which even surpassed the impact of food. In addition, 209 we also found that the HIT cue differed from NC, but the number of approaches in FPP of 210 LIT and NC conditions were comparable (see Supplementary Table S1 ). These results 211 together reinforce the idea that dogs were capable of differentiating between the high and low 212 impact threatening cues, and act accordingly, to maximize their chances of obtaining the food 213 reward while avoiding serious threat.
214
No approach -We calculated the number of individuals in different conditions that did not 215 approach and further divided the numbers in two subcategories -'same' and 'distant' 216 position (see Table 1 ). Here we laid emphasis on the 'distant' position which served as a 217 correlate of negative impact. Consistent with our hypothesis, we could not see any dog 218 running or moving away in the NC and FC conditions, thereby dogs exclusively showed no 219 approach of 'same position' subcategory. Thus, we analysed the data only from LIT and HIT 220 conditions. We used the percentage of responses out of the total "no approach" cases for all 221 the comparisons.
222
52% and 24% of the dogs were distant in SCP and FPP respectively, in the LIT condition 223 (Goodness of fit χ 2 : χ 2 = 10.316, df = 1, p = 0.001, Figure 2) . Consistent with this, we also 224 found dogs showing significantly more distant positions in SCP (73%) than the FPP (45%) of 225 the HIT condition (Goodness of fit χ 2 : χ 2 = 6.644, df = 1, p = 0.01, Figure 2) . Further 226 comparisons revealed a significant difference between the FPP of LIT and HIT conditions 227 (Goodness of fit χ 2 : χ 2 = 6.391, df = 1, p = 0.011, Figure 2) , where higher numbers of dogs 228 stayed at the 'distant' position in the HIT condition. However, we did not find any difference 229 between the SCP of the two conditions (Goodness of fit χ 2 : χ 2 = 3.528, df = 1, p = 0.060).
230
First reaction to a social cue -Quantification of the first reaction was important in terms of 231 impact and effect of the social cues. We found that the reactions (see Table 1 ) were 232 distributed differently in the four experimental conditions. In the NC condition, dogs showed 233 varying levels of reactions. 60% of the dogs showed gazing behavior, 10% showed gazing 234 with tail wagging, 30% stayed neutral and displayed no particular reaction. None of the dogs
Gazing -GLM analysis revealed that both the LIT and the HIT conditions are significant 271 predictors of gazing at E1 in the SCP (Figure 6, Table 2 ). Interestingly, in the FPP, we found all the different conditions to be significantly contributing 276 to the prediction of the duration of gazing behavior (Figure 6, Table 3) . Dogs gazed the least 277 (0.46 ± 1.69 sec) in the FPP of the FC condition. Latency and feeding time (food provision phase only) -Individuals who approached the food, 282 were considered for the latency comparisons (N = 60). We excluded the HIT condition from 283 the analysis as only one dog approached and obtained the food reward. Individuals showed 284 different latencies in the three conditions while approaching for the food (Kruskal -Wallis 285 test, χ 2 = 34.011, df = 2, p < 0.0001, see Supplementary Figure S3 ). In the FC condition, the 286 dogs approached faster than the NC (Mann -Whitney U test, U = 452.000, df1 = 17, df2 = 287 30, p < 0.0001) and LIT (Mann -Whitney U test, U = 374.000, df1 = 30, df2 = 13, p < 288 0.0001) conditions. Latencies were comparable in the NC and LIT conditions Whitney U test, U = 156.500, df1 = 17, df2 = 13, p = 0.053). 290 We found one individual in the FC condition that approached but did not obtain the reward.
272
278
291
Thus, we removed the data point for the analysis of feeding time (N = 59). We found a 292 significant difference in feeding time (Kruskal -Wallis test, χ 2 = 8.366, df = 2, p = 0.015, see 293 Supplementary Figure S4) . Post-hoc pairwise comparisons further revealed a significant 294 difference between feeding times of FC and LIT conditions (Mann -Whitney U test, U = 295 298.000, df1 = 29, df2 = 13, p = 0.002). Short feeding time in the LIT condition (2.77 ± 0.72 296 sec) compared to FC (4.58 ± 2.02 sec) might be an indication of dogs' insecurities due to 297 negative human influence, leading to faster consumption of the food reward. Moreover, we 298 did not see any difference between the other two comparisons (see Supplementary Table S1 ).
299
DISCUSSION
300
Our results underline the free-ranging dogs' behavioral plasticity in the context of 301 interactions with unfamiliar humans. Dogs adjusted their behavior and showed situation-302 relevant response to the social cues. Overall, they exhibited a tendency to approach more 303 when food was provisioned compared to the social cue phases, emphasizing the dependence 304 on humans for sustenance. However, comparable but higher levels of approach in the FC LIT and HIT conditions. Dogs showed significantly more distant positions in both the SCP 464 compared to FPP of LIT (Goodness of fit χ 2 : χ 2 = 10.316, df = 1, p = 0.001) and HIT 465 (Goodness of fit χ 2 : χ 2 = 6.644, df = 1, p = 0.01) conditions. Asterisks indicated significant 466 differences. 
